Elemental chemical composition and phase analysis by means of PIXE, DSC, TGA, and DRX of MTA Angelus® and a white Portland cement  by Ledesma, Abigailt Flores et al.
(CEWNVCFFG1FQPVQNQIÈC
8QN0Q ,WN[5GRVGODGT
RReH
4GXKUVC1FQPVQNÎIKEC/GZKECPC
14+)+0#.4'5'#4%*
YYYOGFKITCRJKEQTIOZ
 4GUKFGPV2J&QH&GPVCN$KQOCVGTKCNU.CDQTCVQT[5EKGPEGQHVJG
0CVKQPCN7PKXGTUKV[QH/GZKEQ
70#/
h )TCFWCVGCPF4GUGCTEJ5EJQQN0CVKQPCN5EJQQNQH&GPVKUVT[
0CVKQPCN7PKXGTUKV[QH/GZKEQ
70#/
++ 2J[UKEU+PUVKVWVG0CVKQPCN7PKXGTUKV[QH/GZKEQ
70#/

4GEGKXGF0QXGODGT #EEGRVGF,CPWCT[
6JKUCTVKENGECPDGTGCFKPKVUHWNNXGTUKQPKPVJGHQNNQYKPIRCIGJVVR
YYYOGFKITCRJKEEQOHCEWNVCFQFQPVQNQIKCWPCO
'NGOGPVCNEJGOKECNEQORQUKVKQPCPFRJCUGCPCN[UKUD[OGCPU
QH2+:'&5%6)#CPF&4:QH/6##PIGNWUs
CPFCYJKVG2QTVNCPFEGOGPV
#P¶NKUKUSWÈOKEQGNGOGPVCN[FGHCUGURQTOGFKQFG2+:'&5%6)#[&4:
GP/6##PIGNWUs[WPEGOGPVQ2QTVNCPFDNCPEQ
#DKICKNV(NQTGU.GFGUOC(GFGTKEQ*$CTEGNÎ5CPVCPCh.CWTQ$WEKQ)CNKPFQ++
,GUÕUPIGN#TGPCU#NCVQTTG++,QUÃ.WKU4WXCNECDC5KN++
#$564#%6
/KPGTCNVTKQZKFGCIITGICVG
/6#KUCEGOGPVOCKPN[WUGFVQUGCN
VQQVJRGTHQTCVKQPUVJKUKUFWGVQVJGHCEVVJCVKVJCTFGPUYJGPKP
RTGUGPEGQHJWOKFKV[ +V KUEQORQUGFQH2QTVNCPFEGOGPVCPF
$KUOWVJVTKQZKFG1DLGEVKXG6QCPCN[\GCPFEQORCTGYKVJ2+:'
&5%6)#CPF&4:GNGOGPVCT[EJGOKECNCPFRJCUGEQORQUKVKQP
QH/6##PIGNWUsEGOGPVYKVJCYJKVG2QTVNCPFEGOGPV
92%
/CVGTKCNCPFOGVJQFU/6##PIGNWUsYJKVGCPFCYJKVG2QTVNCPF
EGOGPVYGTGCPCN[\GFYKVJ2+:'KPCRCTVKENGCEEGNGTCVQTRJCUG
CPCN[UGUYGTGEQPFWEVGFYKVJ:4&EQPVTCUVKPIRGCMUYKVJVJQUG
KPVJG+%&&FCVCDCUG&5%YCUEQPFWEVGFKPCECNQTKOGVGTWRVQ
Q%4GUWNVU2+:'FGVGEVGFVJGHQNNQYKPICUITGCVGTRGTEGPVCIG
GNGOGPVU CNWOKPWO UKNKEC CPF ECNEKWO HQT DQVJ EGOGPVU
&KHHGTGPEGUYGTGHQWPFYKVJUWNHWTRGTEGPVCIGU$KUOWVJYCUQPN[
FGVGEVGFKP/6##PIGNWUs6TCEGGNGOGPVUQHEQRRGTCPFUVTQPVKWO
YGTGFGVGEVGFKP/6##PIGNWUsCPF\KTEQPKWOKP92%4GNCVKQPUJKR
DGVYGGPUKNKECECNEKWOCPFUKNKECCNWOKPWOYCUUKOKNCT KPDQVJ
EGOGPVU+PDQVJEGOGPVUVJTGGET[UVCNNKPGRJCUGUYGTGFGVGEVGF
FKECNEKWOUKNKECVG VTKECNEKWOUKNKECVGCPF VTKECNEKWOCNWOKPCVG
0GXGTVJGNGUU$KUOKVGYCUKFGPVKſGFKP/6##PIGNWUsCPFECNEKWO
UWNHCVGKPVJGHQTOQHI[RUWOKP92%VJKUYCUEQTTQDQTCVGFYKVJ
&5%VGEJPKSWG%QPENWUKQPU +P/6##PIGNWUs NQYI[RUWO
COQWPVUYGTGQDUGTXGFD[OGCPUQHECNQTKOGVT[+PDQVJEGOGPVU
ET[UVCNNKPGRJCUGUCPFGNGOGPVCNEJGOKECNEQORQUKVKQPYGTGUKOKNCT
4'57/'0
'NOKPGTCNVTKÎZKFQCITGICFQ
/6#GUWPEGOGPVQWUCFQRTKPEKRCN
OGPVGRCTCUGNNCTRGTHQTCEKQPGUGPÎTICPQUFGPVCNGUFGDKFQCSWG
GPFWTGEGGPRTGUGPEKCFGJWOGFCFGUV¶EQORWGUVQRQTEGOGPVQ
2QTVNCPF[VTKÎZKFQFGDKUOWVQ1DLGVKXQ#PCNK\CT[EQORCTCTRQTOG
FKQFG2+:'&5%6)#[&4:NCEQORQUKEKÎPSWÈOKECGNGOGPVCN
[FGHCUGUFGNEGOGPVQ/6##PIGNWUs[FGWPEGOGPVQ2QTVNCPF
DNCPEQ
%2$%#/CVGTKCN[OÃVQFQU/6##PIGNWUsDNCPEQ[WP
EGOGPVQ2QTVNCPFDNCPEQHWGTQPCPCNK\CFQUEQP2+:'GPWPCEGNGTC
FQTFGRCTVÈEWNCUGNCP¶NKUKUFGHCUGUETKUVCNKPCUUGTGCNK\ÎRQTOGFKQ
FG&4:[EQPVTCUVCFQNQURKEQUEQPNQUFGDCUGFGFCVQUFGN+%&&
GN&5%UGTGCNK\ÎGPWPECNQTÈOGVTQJCUVCQ%4GUWNVCFQU2+:'
FGVGEVÎEQOQGNGOGPVQUFGOC[QTRQTEGPVCLGHWGTQPCNWOKPKQUKNKEKQ
[ECNEKQRCTCCODQUEGOGPVQUJCDKGPFQFKHGTGPEKCUGPNQURQTEGP
VCLGUFGC\WHTGGNDKUOWVQUÎNQUGFGVGEVÎGP/6##PIGNWUs5G
FGVGEVCTQPEQOQGNGOGPVQUVTC\CEQDTG[GUVTQPEKQGPGN/6##PIG
NWUsCFGO¶UFG\KTEQPKQGP%2$%#.CTGNCEKÎPGPVTGUKNKEKQECNEKQ
[UKNKEKQCNWOKPKQGPNQUFQUEGOGPVQUGUUKOKNCT5GKFGPVKſECTQP
VTGUHCUGUETKUVCNKPCUGPCODQUEGOGPVQUUKNKECVQFKE¶NEKEQUKNKECVQ
VTKE¶NEKEQ[CNWOKPCVQVTKE¶NEKEQUKPGODCTIQUGKFGPVKſEÎ$KUOKVCGP
GN/6##PIGNWUs[UWNHCVQFGECNEKQGPHQTOCFG[GUQGP%2$%#
SWGUGNQITÎEQTTQDQTCTEQPNCC[WFCFGNCVÃEPKEC&5%%QPENW
UKQPGU5GNQITÎQDUGTXCTNCDCLCECPVKFCFFG[GUQGP/6##PIG
NWUsRQTOGFKQFGNCECNQTKOGVTÈC6CPVQNCUHCUGUETKUVCNKPCUEQOQNC
EQORQUKEKÎPSWÈOKECGNGOGPVCNUQPUKOKNCTGUGPCODQUEGOGPVQU
-G[YQTFU'NGOGPVCNEJGOKECNCPCN[UKU/6#YJKVG2QTVNCPFEGOGPV2+:':4&&5%6)#
2CNCDTCUENCXG#P¶NKUKUSWÈOKEQGNGOGPVCN/6#EGOGPVQ2QTVNCPFDNCPEQ2+:'&4:&5%6)#
#RRGPFKZ
'PINKUJ
2+:'2CTVKENG+PFWEGF:TC['OKUUKQP
5&%5ECPPKPI&KHHGTGPVKCN%CNQTKOGVT[
6)#6JGTOQITCXKOGVT[
:4&:4C[&KHHTCEVKQP
/6#/KPGTCN6TKQZKFG#IITGICVG
5RCPKUJ
2+:''OKUKÎPFG4C[QU:KPFWEKFQRQTRCTVÈEWNCU
&5%%CNQTKOGVTÈCFKHGTGPEKCNFGDCTTKFQ
6)#6GTOQITCXKOGVTÈC
&4:&KHTCEEKÎPFG4C[QU:
/6#/KPGTCN6TKÎZKFQ#ITGICFQ
www.medigraphic.org.mx
See related content at doi:
http://dx.doi.org/10.1016/j.rodmex.2016.08.015
Revista Odontológica Mexicana 2016;20 (3): e182-e186 e183
YYYOGFKITCRJKEQTIOZ
+0641&7%6+10
+P6QTCDKPGLCFſTUVUVWFKGF/6#CUCOCVGTKCN
VQDGWUGFVQUGCNRGTHQTCVKQPUYKVJKPTQQVCPFDKHWTECVKQP
ECPCNU KP VGGVJ1VJGTCWVJQTUJCXGUVWFKGF/6#
YKVJ TGURGEV VQ KVURJ[UKQEJGOKECNCPFOGEJCPKECN
RTQRGTVKGUCUYGNNCU KVUENKPKECNCRRNKECVKQPUCPF
DKQNQIKECNDGJCXKQT5KPEGKVJCUDGGPTGRQTVGFVJCV
/6#EQORQUKVKQPKU2QTVNCPFEGOGPVCPF
DKUOWVJVTKQZKFGOCP[UVWFKGUJCXGDGGPWPFGTVCMGPVQ
EQORCTGRJ[UKECNEJGOKECNCPFOGEJCPKECNRTQRGTVKGU
CUYGNNCUENKPKECNCRRNKECVKQPUQH/6#YKVJ2QTVNCPF
EGOGPVEQPUKFGTKPICRQUUKDNGWUGKPFGPVKUVT[
1PGQHVJGEJCTCEVGTK\CVKQPVGEJPKSWGUVJCVJCXG
DGGPWUGFVQEQPFWEVEJGOKECNGNGOGPVCNCPCN[UKUQHVJKU
OCVGTKCNKU'PGTI[&KURGTUKQP5RGEVTQUEQR[
'&5CNUQ
ECNNGF:4C['PGTI[&KURGTUKQP#PCN[UKU
'&#:CFCRVGF
VQCUECPPKPIGNGEVTQPOKETQUEQRG6JKUVGEJPKSWG
RTQXKFGUVJGGNGOGPVUVJCVEQORQUGVJGOCVGTKCNVJKUKU
CEJKGXGFYKVJZTC[GOKUUKQPCHVGTJCXKPIDGGPKTTCFKCVGF
D[CPGNGEVTQPDGCO1PGQHVJGFKUCFXCPVCIGUQHVJKU
VGEJPKSWGKUVJCVKVKUCRWPEVWCNCPCN[UKUVJWUUGXGTCN
TGCFKPIUCVUGXGTCNNQECVKQPUQHVJGUCORNGOWUVDG
CEJKGXGFOQTGQXGTFGVGEVKQPNKOKVUCTGNQY
+P  $GNKQ4G[GU CPF $WEKQ UVWFKGF VJG
GNGOGPVEQORQUKVKQPQH/6#2TQ4QQVD[OGCPUQH
2CTVKENG+PFWEGF:TC[U'OKUUKQP
2+:'5KPEGVJKUKUC
VGEJPKSWGWUGFVQKFGPVKH[VTCEGGNGOGPVUKVEQWPVUYKVJC
FGVGEVKQPNKOKVQHRRO6JKUVGEJPKSWGKUDCUGFQP
VJGFGVGEVKQPQH:TC[URGEVTWOEJCTCEVGTKUVKERGCMUCPF
VJGKTSWCPVKſECVKQPCEEQTFKPIVQVJGKTFKHHGTGPVKPVGPUKVKGU
1PGQH VJGCFXCPVCIGUQH VJKU VGEJPKSWG KU VJCV KV
TGRTGUGPVUCPQPFGUVTWEVKXGOWNVKGNGOGPVCNCPCN[UKU
2JCUGCPCN[UKU D[OGCPUQH:TC[&KHHTCEVKQP

:4&KUYKFGN[WUGFVQUVWF[ET[UVCNNKPGOCVGTKCNU
6JG VGEJPKSWG KUDCUGFQPQDVCKPKPICFKHHTCEVKQP
RCVVGTPHQTCPKPFKXKFWCNET[UVCNNKPGRJCUGYJGTGC
UGVQHRGCMUEQTTGURQPFUVQCIKXGPKPVGPUKV[CPFș
URGEKſEFKHHTCEVKQPU5GXGTCNCWVJQTUJCXGWUGFVJKU
VGEJPKSWGKPVJGKTUVWFKGUQHEQORCTKUQPDGVYGGP/6#
CPF2QTVNCPFEGOGPVU
/CP[UVWFKGUEQPFWEVGFQP/6#CTGCEJKGXGFYKVJ
/6#2TQ4QQV#PQVJGTDTCPFKUEQOOGTEKCNN[
CXCKNCDNG/6##PIGNWUVJKUDTCPFJCUPQVDGGPVJG
UWDLGEVQHOCP[UVWFKGU6JGCKOQHVJGRTGUGPVUVWF[
YCUVQCPCN[\GCPFEQORCTGD[OGCPUQH2+:'&5%
6)#CPF:4&VJGGNGOGPVCNEJGOKECNEQORQUKVKQP
CPFRJCUGUQH/6##PIGNWUs
/6##CPFCYJKVG
2QTVNCPFEGOGPV
92%
/#6'4+#.5#0&/'6*1&5
(QT VJGRTGUGPVUVWF[/6##PIGNWUsYCUWUGF

#PIGNWU&GPVCN2TQFWEVU/CPWHCEVWTGT.QPFTKPC
$TC\KNNQVCPFCYJKVG2QTVNCPFEGOGPV
%TW\
#\WN/GZKEQ.QV
%JGOKECNGNGOGPVCPCN[UKU
2+:' YCU EQPFWEVGF KP CP 2GN NGVTQP 0'%
CEEGNGTCVQT
0CVKQPCN'NGEVTQUVCVKEU%QTR/KFFNGVQYP
9+YKVJCRTQVQPDGCOQHOOFKCOGVGTCPF/G8
6JGUCORNGYCURNCEGFKPHTQPVQHDQVJFGVGEVQTUQPG
QH5K
.KHQTNKIJVGNGOGPVUCPFQPGQH.')GHQTVTCEG
CPFJGCX[GNGOGPVUHQTCRGTKQFQHOKPWVGU6Q
ICWIGGSWKROGPVEGTVKſGF2QTVNCPFEGOGPVYCUWUGF
0+5654/C
0CVKQPCN+PUVKVWVGQH5VCPFCTFUCPF
6GEJPQNQI[
$QVJTGUWNVUYGTGRTQEGUUGFYKVJUQHVYCTG
#:+.
VCKNQTGFVQFGVGEVCNNZTC[RGCMUEJCTCEVGTKUVKEQHGCEJ
GNGOGPVCUYGNNCUEQPFWEVVJGKTSWCPVKſECVKQP
%T[UVCNNKPGRJCUGCPCN[UKU
:TC[FKHHTCEVKQPD[OGCPUQHVJGRQYFGTOGVJQF
YCUCEJKGXGFKPC$TWPMGT&#FXCPEG
$TWPMGT&
#FXCPEG
$TWPMGT#:5)OD*-CTNUTWJG)GTOCP[
TCFKCVKQP%W-ĮȜFCVCYGTGQDVCKPGF
HTQOș VQFGITGGU#HVGTYCTFUCEEQTFKPI
VQGNGOGPVCPCN[UKUQDVCKPGFFKHTCEVQITCOUYGTG
EQORCTGFVQ2&(
2QYGT&KHHTCEVKQP(KNGUFCVCDCUG
UQCUVQſPFVJGITQWRQHRGCMUYJKEJYQWNFEQKPEKFG
COQPIGZRGTKOGPVCNFCVCCPFUQOGMPQYPRJCUG
YKVJKP+%&&
+PVGTPCVKQPCN%GPVGTQH&KHHTCEVKQP&CVC
6JGTOCNCPCN[UKU
&KHHGTGPVKCN UECPPKPI ECNQTKOGVT[ 
&5% CPF
VJGTOQITCXKOGVT[ 
6)# YGTG EQPFWEVGF KP 6#
ECNQTKOGVGT
+PUVTWOGPV%CNQTKOGVT[
5&637PKVGF
5VCVGUHTQOCTQQOVGORGTCVWTGWRVQQYKVJCTCVG
QHJGCVKPIQHQ%OKPKPCPCKTCVOQURJGTG5CORNGU
YGTGRNCEGFKPCPCNWOKPCETWEKDNGUQCUVQQDVCKP
UWKVCDNGECNEKWOUWNHCVGKFGPVKſECVKQPDCUGFQPJ[FTCVKQP
FGITGGRWTG0CKECI[RUWOYCUWUGFCUCTGHGTGPEG
4'57.65
(KIWTGCPF6CDNG+RTGUGPV2+:'TGUWNVU6JKU
CPCN[UKU TGXGCNU VJCV KP DQVJ EGOGPVU GNGOGPVU
HQWPF KPITGCVGTRGTEGPVCIGCTGCNWOKPWOUKNKEC
CPF ECNEKWO#OQPI VJGOPQVCDNG FKHHGTGPEG KP
5WNHWTRGTEGPVCIGUYCUHQWPFYJGTGCU$KUOWVJYCU
QPN[FGVGEVGFKP/6##PIGNWUs#UVTCEGGNGOGPVU
%QRRGTCPF5VTQPVKWOYGTGHQWPFKP/6##PIGNWUs
CPF<KTEQPKWOKP92%4GNCVKQPUJKRDGVYGGP5KNKEC
%CNEKWOCPF#NWOKPWO%CNEKWOYCUQDVCKPGFHTQO
CEQGHſEKGPVCOQPIRGTEGPVCIGUQHGCEJQPGQHVJGUG
GNGOGPVU
6CDNG++
e184 Flores LA et al. Chemical analysis of MTA and Portland cement
YYYOGFKITCRJKEQTIOZ
1DVCKPGFFKHHTCEVKQPRCVVGTPUCTGRTGUGPVGFKPſIWTG
#PCN[UKUQH/6##CPF92%RJCUGU KPFKECVGU
VJG[CTGOCKPN[EQORQUGFQHVJTGGUKOKNCTRJCUGU
FKECNEKWOUKNKECVGn%5 
2&(YKVJ VJG
JKIJGUVTGƀGEVKQPUQHCPINGUșCPF
VTKECNEKWOUKNKECVGn%5
2&(YKVJ
JKIJGUVRGCMUCVCPFCPFVJG
NCUVRJCUGVTKECNEKWOCNWOKPCVGn%#
2&(
YKVJJKIJGUVRGCMUCVCPF$KUOKVG
RJCUG
2&(YKVJCPINGUșCV
CPFYCUQPN[FGVGEVGFKP/6##QPVJGEQPVTCT[
ECNEKWORJQURJCVGKPVJGHQTOQHI[RUWO
2&(
YCUFGVGEVGFKP92%YKVJOQTGRTQPQWPEGF
TGƀGEVKQPUCVCPFCV6CDNG+++UJQYU
CDUQTRVKQPEQGHſEKGPVUQHFGVGEVGFOKPGTCNRJCUGU
6)#TGUWNVUKP92%KPFKECVGFYGKIJVNQUUCV
Q%VJKUNQUUEQWNFDGCVVTKDWVGFVQYCVGTGXCRQTCVKQPQH
DKJ[FTCVGFECNEKWOUWNHCVGQTI[RUWO5CORNGUYGTG
EQORCTGFYKVJ0CKECRWTGI[RUWO
(KIWTG
&5%UJQYGFVJGTOCNTGCEVKQPCVCTQWPFQ%KP
92%CPFCVQKP0CKECI[RUWOPGXGTVJGNGUUVJKU
GPFQVJGTOKEƀQYYCUPQVQDUGTXGFKP/6##PIGNWUs
6CDNG+2+:'TGUWNVU
YV
%JGOKECNGNGOGPV /6##PIGNWUs 92%
#N  
5K  
2  
5  
-  
%C  
%T  
/P  
(G  
%W  
5T  
<T  
$K  
1  
6QVCN  
6CDNG++4GNCVKQPUJKRDGVYGGPUKNKECCNWOKPWO
CPFUKNKECECNEKWO
/6##PIGNWUs 92%
5K#N  
5K%C  
(KIWTG2+:'URGEVTWOQH/6##PIGNWUs.KIJVGNGOGPVU

NQYCVQOKEPWODGTCTGUJQYPKPTGFJGCX[GNGOGPVU
JKIJ
CVQOKEPWODGTCTGUJQYPKPDNWG
/6##PIGNWU






:TC[GPGTI[
MG8
         
5K2+0
#N
5K 5

$K
%C
/P
%T
(G
%W
5T
$K
.')G
+P
VG
PU
KV[
%
QN
QT
R
KE
VW
TG
KP
Y
Y
Y
O
GF
KI
TC
RJ
KE
E
QO
HC
EW
NVC
FQ
FQ
PV
QN
QI
KC
WP
CO
(KIWTG:TC[FKHHTCEVKQPCPCN[UKU
:4&#/6##PIGNWUs
CPF$2QTVNCPFEGOGPV



+P
VG
PU
KV[
92%
%
%
%#
)[RUWO
       
ș





+P
VG
PU
KV[
/6##PIGNWU
%
%
%#
$KUOKVG
       
ș
#
$
%
QN
QT
R
KE
VW
TG
KP
Y
Y
Y
O
GF
KI
TC
RJ
KE
E
QO
HC
EW
NVC
FQ
FQ
PV
QN
QI
KC
WP
CO
Revista Odontológica Mexicana 2016;20 (3): e182-e186 e185
YYYOGFKITCRJKEQTIOZ
(VWHGRFXPHQWRHVHODERUDGRSRU0HGLJUDSKLF
VJGTGHQTGKVYCUEQPENWFGFKVFKFPQVEQPVCKPECNEKWO
UWNHCVG
(KIWTG
&+5%755+10
9KVJKPVJGTGCNOQHCPCN[UGURGTHQTOGFYKVJ'&5
1NKXGKTCHQWPFVJCVYJGPEQORCTKPI2TQ4QQV/6#
/6##PIGNWUsCPFC2QTVNCPF EGOGPV EJGOKECN
GNGOGPVUYGTGXGT[UKOKNCTYKVJOKPKOCNXCTKCVKQPU
YKVJGZEGRVKQPQH$KUOWVJYJKEJYCUQPN[FGVGEVGF
KP/6#6JKUDGJCXKQTYCUGSWCNN[QDUGTXGFKPQWT
UVWF[+VOWUVDGTGOGODGTGFVJCV$KUOWVJKUQPN[
CIITGICVGFYKVJVJGCKOQHOCPWHCEVWTKPICTCFKQ
QRCSWGOCVGTKCNYJKEJECPDGENKPKECNN[FGVGEVGF
KP VJGRTCEVKEGQH FGPVKUVT[ +P C UKOKNCTOCPPGT
CPFHQNNQYKPIVJKUVGEJPKSWG#UICT[EQPFWEVGFC
EQORCTKUQPQHEQORQPGPVUCOQPIUVFKHHGTGPVV[RGU
QH/6#CPF2QTVNCPFEGOGPVU+PVJCVUVWF[KVYCU
QDUGTXGFVJCVVTCEGGNGOGPVEQPEGPVTCVKQPUYGTGXGT[
XCTKGFYKVJTGURGEVVQCOQWPVUQH#N1/I1CPF(G1
7UGQHPWENGCTVGEJPKSWGUHQTCPCN[UGUQHOCVGTKCNU
UWEJCU2+:'CNNQYUVJGTCRKFKFGPVKHKECVKQPQH NQY
EQPEGPVTCVKQPGNGOGPVUVJWURTGUGPEGQH%JTQOG
/CPICPGUG5VTQPVKWO%QRRGTCPF<KTEQPKWOYCU
FGVGEVGFYKVJRTGEKUGSWCPVKſECVKQPKPCNNQHVJGO+P
VJGECUGQH/6##PIGNWUYJGPWUKPI2+:'KVYCU
FKHſEWNVVQKFGPVKH[RTGUGPEGQH5WNHWTVJKUKUFWGVQVJG
HCEVVJCVUWNHWTyU:TC[U-ĮRGCMU
MG8QXGTNCRVQ
$KUOWVJŏU/Į
MG8RGCMU
%COKNNGTKCPF)CTEÈC#TCPFCCPCN[\GF2QTVNCPF
EGOGPVU HQTCRTQDCDNGFGPVCNWUG TGUWNVUQH VJCV
TGUGCTEJTGXGCNGFVJCVKPCNNEGOGPVUVJGOCKPGNGOGPVU
CTG%CNEKWO5KNKECCPF#NWOKPWOYKVJUQOGVTCEGU
QHOCIPGUKWORQVCUUKWOCPFUQFKWO/GCPYJKNG
)CTEÈC#TCPFCCPF4QFTÈIWG\YJGPUVWF[KPI/6#
EGOGPVUFGVGEVGFVTCEGGNGOGPVUUWEJCURJQURJQTWU
EJTQOGEJNQTKPGCPFKTQPGXGPVJQWIJVJGEGOGPVU
YGTGYJKVG6JGUGTGUWNVUEQPEWTYKVJTGUWNVUQHVJG
RTGUGPVUVWF[UKPEGYJGPWUKPI2+:'CUVGEJPKSWGHQT
GNGOGPVCPCN[UKUVJGHQNNQYKPIGNGOGPVUYGTGFGVGEVGF
EJTQOG\KTEQPKCKTQPCPFOCPICPGUGKP92%CPF
/6##PIGNWUsDGUKFGUEQRRGTCPFUVTQPVKWOKPVJKU
NCVVGTQPG2TGUGPVN[OCP[QHVJGOCVGTKCNUWUGFKP
FGPVKUVT[JCXGTGEGKXGFCPCIITGICVKQPQH<T1CUſNNKPI
OCVGTKCNYKVJVJGCKOQHKORTQXKPIVJGKTOGEJCPKECN
6CDNG+++#DUQTRVKQPEQGHſEKGPVQHEQORQPGPVUKFGPVKſGFKPUVWFKGFEGOGPVU
%JGOKECNHQTOWNC %JGOKECNPCOG %T[UVCNNKPG +%&& #DUQTRVKQPRJCUGEQGHſEKGPVȝ
EO
$K1 $KUOWVJVTKQZKFG $KUOKVG  
%C5K1 &KECNEKWOUKNKECVG .CTPKVG  
%C5K1 6TKECNEKWOUKNKECVG *CVTWTKVG  
%C#N1 6TKECNEKWOCNWOKPCVG   
%C51*1 &GJ[FTCVGFECNEKWOUWNHCVG )[RUWO  











/6##PIGNWU
%2$%#
)[RUWO
     
9
GK
IJ
V



6GORGTCVWTG
Q%
KIWTG4GUWNVUQHVJGTOQICXKOGVT[
6)#)TGGPNKPG
TGRTGUGPVUYGKIJVNQUUCUUQEKCVGFVQYCVGTKPI[RUWOC
96YCVGTNQUUCUUQEKCVGFVQ92%%#YCUQDUGTXGF
/6##PIGNWUsFKFPQVGZJKDKVVJKUDGJCXKQT
*
GC
Vƀ
Q
Y

9
I








     
6GORGTCVWTG
Q%
/6##PIGNWU
%2$%#
)[RUWO
Q%
Q%
Q%
(KIWTG4GUWNVUQHFKHHGTGPVKCNUECPPKPIECNQTKOGVT[
&5%
6JGITGGPNKPGUJQYUEJCPIGUKPJGCVƀQYCUUQEKCVGFVQ
I[RUWOŏUUWRGTſEKCNYCVGTKVKUOKPKOCNN[QDUGTXGFKP92%
%#
DNWGPGXGTVJGNGUUVJKUEJCPIGKUPQVQDUGTXGFKP/6#
#PIGNWUs
TGF
%
QN
QT
R
KE
VW
TG
KP
Y
Y
Y
O
GF
KI
TC
RJ
KE
E
QO
HC
EW
NVC
FQ
FQ
PV
QN
QI
KC
WP
CO
%
QN
QT
R
KE
VW
TG
KP
Y
Y
Y
O
GF
KI
TC
RJ
KE
E
QO
HC
EW
NVC
FQ
FQ
PV
QN
QI
KC
WP
CO
e186 Flores LA et al. Chemical analysis of MTA and Portland cement
YYYOGFKITCRJKEQTIOZ
RTQRGTVKGUQTCUTCFKQQRCSWGOCVGTKCN6JKUNGCFU
VJGYC[HQTHWTVJGTUVWFKGUVQſPFTGNCVKQPUJKRDGVYGGP
VJGRTGUGPEGQHVJKUGNGOGPVCPFVJGKORTQXGOGPVUQH
UQOGRTQRGTVKGUQHVJGEGOGPV
$GNKQ4G[GU CPF $WEKQ EQPFWEVGF CP :4&
CPCN[UKUVJG[FGVGEVGFVJGHQNNQYKPICUOCKPRJCUGU
VJTQWIJ C 4KGVXGNF TGHKPKPI VGEJPKSWG $KUOKVG
*CVTWTKVG .CTPKVG CPF #PJ[FTKVG KP TGURGEVKXG
RGTEGPVCIGUQHCPF6JGVJTGG
HKTUVRJCUGUYGTGCNUQFGVGEVGF KPQWTCPCN[UKU HQT
/6##%CNEKWOUWNHCVGRJCUGKP2QTVNCPFEGOGPVYCU
FKHHGTGPVUKPEGI[RUWOYCUHQWPFCURCTVQHVJGDCUKE
EQORQUKVKQP(QNNQYKPIVJKUVGEJPKSWG%COKNNKGTKCNUQ
UVWFKGFFKHHGTGPV2QTVNCPFEGOGPVUJGQDUGTXGFVJCV
OCKPRJCUGUFGVGEVGFKPYJKVG2QTVNCPFEGOGPVYGTG
VTKECNEKWOUKNKECVG
CPFFKECNEKWOUKNKECVG

6JGRTGUGPVUVWF[EQPEWTUYKVJVJQUGFGVGEVGF
OKPGTCNRJCUGUPGXGTVJGNGUUVJG[RTGUGPVGFFKHHGTGPV
ET[UVCNNKPGUVTWEVWTGCFFKVKQPCNN[YGQDUGTXGFCDUGPEG
QHECNEKWOUWNHCVGKP/6##PIGNWUsCPFVJKUOWUVDG
TGHNGEVGFKPVJGEGOGPVŏUUGVVKPIVKOGUKPEGKVKU
MPQYPVJCVRTGUGPEGQHI[RUWOKPEGOGPVUCXQKFUVJG
TGCEVKQPMPQYPCUnƀCUJUGVQTnTCRKFUGVVKPI:4&
KUCPGZEGNNGPVVGEJPKSWGVQKFGPVKH[OKPGTCNRJCUGUKP
RQN[ET[UVCNNKPGEGTCOKEOCVGTKCNU+PCPKFGCNUKVWCVKQP
VJKUUVWF[YQWNFDGUWRRNGOGPVGFYKVJCSWCPVKſECVKQP
QHHQWPFRJCUGURGTHQTOGFYKVJVJG4KGVXGNFOGVJQF
%10%.75+10
9KVJVJGOGVJQFQNQI[WUGFKPVJGRTGUGPVUVWF[
KVECPDGEQPENWFGFVJCVDQVJOCVGTKCNURQUUGUUGF
UKOKNCT EJGOKECN EQORQUKVKQP %CNEKWO 5KN KEC
CPF#NWOKPWOYGTG VJGGNGOGPVU HQWPF KPJKIJGT
RGTEGPVCIG&GVGEVGF+TQPCOQWPVUYGTGXGT[NQY
UKPEGDQVJOCVGTKCNUYGTGYJKVGEGOGPVUHGTTKVGRJCUG
YCUPQVRTGUGPVCUYQWNFDGVJGECUGKPITG[EGOGPVU
&KHHGTKPIHTQO92#XGT[NQYCOQWPVUQH5WNHWTYGTG
FGVGEVGFKP/6##PIGNWUs
$[OGCPUQH:4&KVYCUQDUGTXGFVJCVVJGOQUV
PQVKEGCDNG FKHHGTGPEGUYGTG CDUGPEG QH ECNEKWO
UWNHCVGKP/6##PIGNWUsCUYGNNCUDKUOKVGRJCUGKP
92/KPGTCNRJCUGURTGUGPVKPDQVJEGOGPVUYGTG
FKECNEKWOUKNKECVGVTKECNEKWOUKNKECVGCPFVTKECNEKWO
CNWOKPCVG
4'('4'0%'5
 6QTCDKPGLCF/2J[UKECNCPFEJGOKECNRTQRGTVKGUQHCPGYTQQV
GPFſNNKPIOCVGTKCN,'PFQF

 9KNVDCPM-$'HHGEVQHUGNGEVGFCEEGNGTCPVQP VJGRJ[UKECN
RTQRGTVKGUQHOKPGTCNVTKQZKFGCITGICVGCPF2QTVNCPFEGOGPV,
'PFQF

 %COKNNGTK,'XCNWCVKQPQHUGNGEVGFRTQRGTVKGUQHOKPGTCNVTKQZKFG
CIITGICVGUGCNGTEGOGPV,'PFQF

 (QTF646QTCDKPGLCF/7UGQHOKPGTCNVTKQZKFGCIITGICVGHQT
TGRCKTHWTECNRGTHQTCVKQP15WTI1TCN/GF1TCN2CVJQN1TCN
4CFKQN'PFQF

 /QTGVVK#$1NKXGKTC6//KPGTCNVTKQZKFGCIITGICVGRWNRQVQO[
QHCRTKOCT[UGEQPFOQNCT KPRCVKGPVYKVJCIGPGUKUQH VJG
RGTOCPGPVUWEEGUUQT+PV'PFQF,

 ;CUWFC;1ICYC/6JGGHHGEVQHOKPGTCNVTKQZKFGCIITGICVGQP
VJGOKPGTCNK\CVKQPCDKNKV[QHTCVFGPVCNRWNREGNNUCPKPXKVTQUVWF[
,'PFQF

 6QTCDKPGLCF/9JKVG&,6QQVJſNNKPIOCVGTKCNCPFWUG7PKVGF
5VCVGU2CVGPV6TCFGOCTM1HſEG2CVGPV
 %COKNNGTK,/QPVGUKP('%JCTCEVGTK\CVKQPQH2QTVNCPFEGOGPVHQTWUG
KPFGPVCNTGUVQTCVKXGOCVGTKCN&GPV/CVGT

 1NKXGKTC/):CXKGT%$%QORCTCVKXGEJGOKECNUVWF[QH/6#
CPF2QTVNCPFEGOGPVU$TC\&GPV,

%COKNNGTK,/QPVGUKP('&K5KNXKQ.2KVV(QTF646JG%JGOKECN
EQPUVKVWVKQPCPFDKQEQORCVKDKNKV[QHCEEGNGTCVGF2QTVNCPFEGOGPV
HQTGPFQFQPVKEWUG+PV'PFQF,

*YCPI;%.GG5*%JGOKECNEQORQUKVKQPTCFKQRCEKV[CPF
DKQEQORCVKDKNKV[QH2QTVNCPFEGOGPVYKVJDKUOWVJQZKFG1TCN5WTI
1TCN/GF1TCN2CVJQN1TCN4CFKQN'PFQF
GG
#UICT[5'IJDCN/,%QORCTKUQPQHOKPGTCNVTKQZKFGCIITGICVGŏU
EQORQUKVKQPYKVJ2QTVNCPFEGOGPVCPFCPGYGPFQFQPVKEEGOGPV
,'PFQF

%COKNNGTK,%JCTCEVGTK\CVKQPCPFEJGOKECNCEVKXKV[QH2QTVNCPF
EGOGPVCPFVYQGZRGTKOGPVCNEGOGPVUYKVJRQVGPVKCNHQTWUGKP
FGPVKUVT[+PV'PFQF,

*GTTKPIVQP%3WCPVKVCVKXG'&5CPF9&5:TC[OKETQCPCN[UKUQH
UGOKEQPFWEVQTUOCVGTKCNURTKPEKRNGUCPFEQORCTKUQP,'NGEVTQP
/KETQ6GE

$GNÈQ4G[GU+$WEKQ)2JCUGEQORQUKVKQPQH2TQ4QQVOKPGTCN
VTKQZKFGCIITGICVGD[:TC[RQYFGTFKHHTCEVKQP,'PFQF


)QXKN +/2TQVQP +PFWEGF:TC['OKUUKQP# VQQN HQT PQP
FGUVTWEVKXGVTCEGGNGOGPVCPCN[UKU%WTTGPV5EKGPEG

2GEJCTUM[8-<CXCNKL2;(WPFCOGPVCNUQHRQYGTFKHHTCEVKQPCPF
UVTWEVWTCNEJCTCEVGTK\CVKQPQHOCVGTKCNUPF'F5RKPIGT
%COKNNGTK,*[FTCVKQPOGEJCPKUOUQHOKPGTCNVTKQZKFGCIITGICVG
+PV'PFQF,
+UNCO+%JPI*-:TC[FKHHTCEVKQPCPCN[UKUQHOKPGTCNVTKQZKFG
CIITGICVGCPF2QTVNCPFEGOGPV+PV'PFQF,

2QYFGT&KHHTCEVKQP(KNG0GYVQYP5SWCTG2#+PVGTPCVKQPCN
%GPVTGHQT&KHHTCEVKQP&CVC
+%&&
)CTEÈC#4.)CTEÈC)/5KOKNCTKVKGUQHGNGOGPVCNEJGOKUVT[
CPFOQTRJQNQI[QFEGOGPVUV[RGOKPGTCNVTKQZKFGCIITGICVG
CPF2QTVNCPF%GOGPVUVJTQWIJVJGWUGQHUECPPKPIGNGEVTQPKE
OKETQUEQR[CPFGNGEVTQPFKURGTUKQPURGEVTQUEQR[4GX1FQP
/GZ

4QFTÈIWG\4#%*GTPCPFG\2))CTEKC)/)CTEKC#4.
2J[UKEQEJGOKECNCPCN[UKUQH/6##PIGNWUsCPF$KQFGPVKPGs
EQPFWEVGFYKVJ:4#[FKHHTCEVKQPFKURGTUKXG'PGTI[URGEVTQOGVT[
:4C[ƀWQTGUEGPEGUECPPKPIGNGEVTQPOKETQUEQRGCPFKPHTCTGF
URGEVTQUEQR[4GX1FQP/GZ

6\QWXCNCU)&GTOCVCU06UKOCU5#NVGTPCVKXG ECNEKWO
UWNHCVGDGCTKPIOCVGTKCNUCUEGOGPVUTGVCTFGTU2CTV+#PJ[FTKVG
%GOGPVCPF%QPETGVG4GUGCTEJ
6\QWXCNCU)&GTOCVCU06UKOCU5#NVGTPCVKXGECNEKWOUWNHCVG
DGCTKPIOCVGTKCNUCUEGOGPVUTGVCTFGTU2CTV++()&)[RUWO
%GOGPVCPF%QPETGVG4GUGCTEJ
/CKNKPICFFTGUU
#DKICKNV(NQTGU.GFGUOC
'OCKNFTCACD[ƀ"JQVOCKNEQO
